ABSTRACT -The purpose of this study was to identify 'Carioca' common 
INTRODUCTION
Brazil is the world's largest producer and consumer of common bean, Phaseolus vulgaris, and has a number of commercial grain types, of which carioca, the most important, accounts for about 70% of the domestic market (Del Peloso and Melo 2005) .
The common bean breeding programs in Brazil over the years have developed new higher-yielding cultivars that are less susceptible to biotic and abiotic stresses, with traits that meet the standards of the consumer market. These programs were responsible for the release of 145 varieties until the year 2008: 74 before and 71 after the enactment of the Law of Cultivar Protection (between 1998 and 2008) ; 30 of these new varieties are protected.
Since common bean is cultivated in almost all Brazilian states, the common bean breeding program of Embrapa Arroz e Feijão has standardized the evaluation of the value of cultivation and use (VCU) of the lines developed in a national network that includes the relevant regions of common bean production. One of these is the Center-South region with, among others, the states of Parana, Santa Catarina and São Paulo, which were responsible for 39% of the national production in 1997 and accounted for 45% of the production in 2006, with a mean yield of 1395 kg ha -1 (IBGE 2008) .
Since common bean is being grown in most states of Brazil, the cultivation occurs under the most varied environmental conditions, with different sowing dates (rainy, dry and winter) distributed over the year, in HS Pereira et al. different cropping systems and treated with different levels of technology, ranging from the lowest possible to the use of all recommended technology. In this situation, the effect of genotype-environment (GxE) interaction is great (Oliveira et al. 2006 , Melo et al. 2007 ). However, the estimate of GxE interaction alone does not provide information on how environmental variation affects genotype performance. An alternative to minimize the interaction effect is to identify the genotypes with greatest adaptability and stability (Cruz and Regazzi 2001) .
Stability and adaptability studies have been performed using different methodologies, based on several principles in varied species of economic importance, including common bean (Borges et al. 2000 , Carbonell et al. 2004 , Melo et al. 2007 ), resulting in greater safety for the indication of new cultivars. Among the most used methods are those based on regression (Eberhart and Russell 1966, Cruz et al. 1989 ) and the non-parametric (Lin and Binns 1988 modified by Carneiro 1998 , Annichiarico 1992 ) and the multivariate (AMMI) analyses (Gauch and Zobel 1996) .
The aim of this study was to identify Carioca genotypes in the common bean breeding program of Embrapa Arroz e Feijão, with high adaptability, yield and stability in states of the Center-South region of Brazil, using different approaches. (CNFC's 9458, 9471, 9484, 9494, 9500, 9504, 9506, 9518, CNFE 8009, Carioca 11, BRS 9435 Cometa and BRS Estilo) and four were controls (Pérola, Iapar 81, Carioca Pitoco and Magnífico).
MATERIAL AND METHODS

The
The grain yield (kg ha -1 ) data were submitted to analysis of variance, considering the effect of treatments as fixed and the others as random. Combined analysis was performed and the percentage of simple and complex interactions was estimated for each pair of environments (Cruz and Castoldi 1991) . Since the ratio between the highest and lowest residual mean square was greater than seven and the residual variances were therefore not homogeneous (Pimentel-Gomes 2000) , the degrees of freedom of the mean error and the GE interaction were adjusted, based on the method of Cochran (1954) .
The stability was analyzed by six methods: Eberhart and Russell (1966) , Cruz et al. (1989) , Lin and Binns (1988) modified by Carneiro (1998) (with decomposition of P i ), Lin and Binns (1988) modified by Carneiro (1998) (with weighting by the coefficient of variation), Annichiarico (1992) and AMMI. In the method of Eberhart and Russell (1966) , the adaptability of the genotype is given by the parameter and the mean yield ( ) and the performance stability is attributed to the deviations of regression ( ) and coefficient of determination (R 2 i ), which is a complementary measure to assess stability when the are significant (Cruz and Regazzi 2001) . In the bisegmented linear regression of Cruz et al. (1989) the response to unfavorable environments is given by the parameter, and the response to the favorable environments by . The genotype stability is evaluated by the deviations from the regression ( ) and the coefficient of determination (R 2 i ). Among the modifications proposed by Carneiro (1998) to the method of Lin and Binns (1988) the original approach was used with decomposition of P i and of the weighted square trapezium by the coefficient of residual variation (CV). In the original method the decomposition of P i was performed in parts due to the favorable and unfavorable environments and the environments were classified by environmental indices defined as the difference between the genotype means at each site and the overall mean. In the method weighted by the CV, the performance of each genotype is given by the P i statistic, which is weighted by the coefficient of variation. Therefore, the performance lines with a lower P i value is closer to the hypothetical ideal genotype, apart from taking the similarity of sites and the accuracy of each experiment into account.
Stability and adaptability of carioca common bean genotypes in states of the central South Region of Brazil
The method of Annicchiarico (1992) is based on the so-called genotypic confidence index (W i ), derived from genotype means (in percentage) of the mean environmental values and then the estimation of the mean and standard deviation of each genotype in relation to the environment. The confidence coefficient was determined at 75% (α= 0.25).
The AMMI analysis (Zobel et al. 1988) , which uses the additive model to examine the main effects and multiplicative model to study the interaction, was performed using the software Estabilidade (Ferreira 2000) . The Gollob test was used to select the model and software Genes for the other methods (Cruz 2001) .
RESULTS AND DISCUSSION
In 25 of the 26 trials the analysis of variance showed significant differences between genotypes and the CV values varied from 6% to 19%, indicating good experimental accuracy. The general yield mean in the tests ranged from 985 kg ha -1 to 4144 kg ha -1 , indicating rather divergent conditions for the genotypes, which had been expected, in view of the geographical differences between the sites of evaluation.
In the combined analysis, all effects were significant, indicating the presence of variability among genotypes, among environments and also a differential response of genotypes to environments (Table 1) . Furthermore, it was found that the of the 325 possible combinations of pairwise environments, the simple part of interaction of only 24 (7.4%) was predominant against 301 (93.6%), in which the complex part was predominant, indicating changes in genotype ranking and reinforcing the need for stability analysis (Melo et al. 2007 , Mendonça et al. 2007 ).
In terms of mean yield of genotypes, BRS Estilo and CNFC 9518 were the most productive, followed by CNFC 9458 and CNFC 9506 ( Table 2 ). The genotypes Carioca 11 and BRS 9435 Cometa, with half-early cycle, performed worst.
According to the method of Eberhart and Russell (1966) , CNFC 9458 was the only genotype adapted to favorable environments ( >1), with tolerable predictability (significant deviations and R 2 exceeding 80%) ( Table 2 ). The genotypes Pérola, Carioca Pitoco and Carioca 11 were identified as adapted to unfavorable environments ( <1) and little predictable (significant deviations). The adaptation of the other genotypes was general ( =1) and among the most productive, CNFC 9518 should be highlighted, with high predictability (non-significant deviations) and BRS Estilo with acceptable predictability.
For the method of Cruz et al. (1989) the repeatedly reported limitations (Oliveira et al. 2006 , Mendonça et al. 2007 ) were confirmed, e.g., the non-identification of genotypes with ideal performance, that is, with high mean, low sensitivity to unfavorable environments ( <1), responsiveness to environmental improvement ( >1) and high or tolerable predictability, apart from the difficulty of identifying genotypes adapted to specific environments, due to the large number of underlying parameters (Table 2) .
The genotypes with highest yield, BRS Estilo and CNFC 9518, were sensitive to unfavorable environments ( =1) and not responsive to environmental improvement ( =1), whereas the predictability of BRS Estilo was acceptable and high for CNFC 9518. The genotypes CNFC 9458, little less productive than BRS Estilo and CNFC 9518, were sensitive to unfavorable environments ( =1), responsive to environmental improvement ( >1) and acceptably predictable. An advantage of this method is the possibility of greater detailing of the genotypes, e.g., the identification of responsiveness of BRS 9435 Cometa to environmental improvement ( >1). The method of Lin and Binns (1988) modified by Carneiro (1998) has the great advantage of an immediate recommendation of more stable and adapted genotypes, due to the uniqueness of the parameter, the evaluation of genotype performance according to the environmental variation and the fact that the genotypes identified among the most stable and adapted Means followed by the same letter are equal (Scott-Knott.
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Percentage of the variation explained by each principal component (CP) in the AMMI analysis (6) Weighted mean of the absolute scores (7) Classification Table 2 . Estimates of the parameters of adaptability and phenotypic stability by the methods of Eberhart and Russel (1966) , Cruz et al. (1989) The analyses by the method of Lin and Binns (1988) modified by Carneiro (1998) , with decomposition of P i showed CNFC 9518 as the most stable and adapted genotype when all environments were considered, followed by BRS Estilo (Table 3 ). The method of weighted square trapezium by CV identified the genotype BRS Estilo as the most adapted and stable followed by CNFC 9518, based on the three types of environments as well. Although the most stable and adapted genotypes (BRS Estilo and CNFC 9518) in the two methodologies were the same in the three types of environment, it was noted that for other genotypes, the performance varied considerably with the type of environment. An example was cultivar Pérola, the third most stable and adapted to unfavorable environments and only the 13 th in favorable environments, according to the methodology of the weighted square trapezium by CV. Comparing the effect of the modifications in the methodology of Lin and Binns (1988) , the classification of the two most stable and adapted lines was inverted, confirming that weighting by the CV results in an alteration of the genotype ranking.
The genotypes BRS Estilo and CNFC 9518 were also the most stable and adapted according to the methodology of Annichiarico (1992) , in any environment (Table 3) . Considering all environments, the confidence index (W i ) of BRS Estilo and CNFC 9518 exceeded 100%, indicating that, with 75% confidence, these genotypes exceeded the environmental mean by at least 10.0 and 8.1%, respectively. In the favorable environments, the genotypes outperformed the mean of the environments by 11.3 and 8.2%, respectively, and the yields in the unfavorable environments were by 8.1 and 7.9% higher.
By the AMMI analysis the first three axes and the residue were significant, at 1% probability, showing that these components together were insufficient to explain the effects of interaction. The first three principal components explained 33%, 16% and 11% of the sum of squares of the interaction, respectively, amounting to a total of 60% of the variation. This value was similar to that reported in other studies on common bean (Melo et al. 2007 , Carbonell et al. 2004 , Borges et al. 2000 . Arias et al. (1996) and Borges et al. (2000) reported that for percentages below 70% to explain the variation in the interaction with the first components, results are unsatisfactory and conclusions therefrom are therefore not reliable. Gauch and Zobel (1996) argue that the first AMMI axes capture a greater percentage of the real "standard" performance and that with the accumulation of subsequent axes, there is a decrease in the "standard" percentage and an increase in inaccurate information ("noise"). Therefore, even if few components are selected that explained only a small proportion of the variation, the information would be of better quality, including that provided by the traditional methods.
To identify the most stable genotypes by AMMI, the mean of the absolute scores was obtained for the first two components, weighted by the percentage of explanation of each component (weighted mean of absolute scores -WMAS) for each genotype (Table 2) . Thus, the lower the WMAS value, the lower the contribution of a genotype to the interaction and, consequently, the more stable is the genotype. The most stable and adapted genotypes can be identified by the graphic biplot (Figure 1) , in which the genotypes Magnífico (G12) and CNFC 9518 (G2) can be identified as stable and adapted, because they are close to the origin, as well as Pérola (G9), as the least adapted and Figure 1 . Graphical AMMI analysis for 16 common bean genotypes (G1-BRS Estilo; G2-CNFC 9518; G3-CNFC 9458; G4-CNFC 9506; G5-CNFC 9484; G6-CNFC 9500; G7-CNFC 9471; G8-CNFC 9504; G9-Pérola; G10-Iapar 81; G11-CNFC 9494; G12-Magnífico; G13-Carioca Pitoco; G14-CNFE 8009; G15-BRS 9435 Cometa; and G16-Carioca 11), evaluated in 26 environments in the CenterSouth region: 1A -First principal component (IPCA1) x second principal component (IPCA2); 1B -Weighted mean of absolute scores (WMAS) x yield means (kg ha -1 ) stable ( Figure 1A ). Among the most productive, only CNFC 9518 (G2) was stable and adapted ( Figure 1B ). 
CONCLUSIONS
